reported in 1914 that the growth of beach, oak, ash, and hornbeam could be maintained even in winter if they were placed under continuous electric light. Since Klebs' report on the effect of day length on the growth of woody plants, there have been many studies pertaining to photoperiodism and dormancy in woody plants. They were amply reviewed by Samish (21) , Wareing (24, 26) , and Nitsch (16) . In general, a short photoperiod induces a reduction in growth of woody plants through a shortening of internodes and a decrease in the number of new nodes formed. These same plants would grow continuously under long photoperiods. The breaking of dormancy induced by either artificial or natural short photoperiods has been accomplished by three different treatments: A: long photoperiods (7, 10, 18, 19, 22, 23, 25, 27) ; B: chilling (2, 5, 7, 9, 19) , and C: application of gibberellic acid (1, 3, 4, 6, 13, 14, 15) . Previous workers such as Van der Veen (23) and Downs and Borthwick (7) have suggested that, when leaves remain on the plant and are subjected to short days after visible growth has ceased, dormancy becomes increasingly more difficult to break. This project was undertaken to study the effect of photoperiods on dormancy with special consideration on the degree of dormancy. In all experiments the seedlings were grown under 18-hour photoperiods (abbreviated as LD) in the greenhouse for approximately six months until the start of the treatments. The seedlings ranged from 1 to 2 feet in height at the beginning of an experiment, and were selected for uniformity of size. The temperature of the greenhouse was controlled at 21 C minimum during day and 15.5 C minimum at night. 'Received Feb. 20, 1961 . 2 This work was supported in part by the Grant G-4046 of the National Science Foundation and the Grant RG-4840 of the National Institutes of Health to Dr. J. P. Nitsch. 3 Present address: Department of Horticulture, Purdue University, Lafayette, Ind. 4 The seeds of Betula pubescens and Betula lutea were obtained from the Herbst Brothers Seedmen, Inc., 678 Broadway, New York 12, N. Y. and Mr. F. W. Schumacher, Sandwich, Mass., respectively.
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Because of the lack of a cooling system, maximum temperature could not be controlled. All plants received 9 hours of natural light from 8:00 AM to 5:00 PM. From 5:00 Pm to 8:00 AM darkness was produced by means of thick, black sateen cloth to eliminate all natural light. Under the black cloth, 60 w incandescent lamps were lighted from 5:00 PM to 2:00 AM for the LD treatment and from 5:00 PM to 6:00 PM for the 10- figure 1 , growth of the seedlings was retarded by 1 week of SD and stopped completely after 2 weeks of the treatment. Thus, seedlings kept under SD for more than 2 weeks appeared to be in a dormant condition without any measurable growth. A similarity in growth curves of stem elongation and of the numbers of newly developed nodes was seen not only in this phase of the study but also in all others. Therefore, only one measure of shoot growth, namely the elongation of the stem will be discussed for the remainder of the studies. The actual growth curves of the numbers of newly developed nodes are presented in (11 SD . A third group of 16 plants was treated so as to have one branch subjected to LD and the other to SD (both are abbreviated as "LD branch" and "SD branch" in the following discussion). To restrict the photoperiod treatment to one branch, a thick, black sateen curtain was drawn between the two branches from 5:00 PM to 8:00 AM. A photoperiod of 18 hours was given to one branch and 10-hour photoperiod to the other. Before beginning the study on Jan. 10, 1959, as well as throughout the experimental period, the leaves near the base of the plants were removed to facilitate the movement of the curtain (fig 6) . The plants which received SD or LD on both branches reacted similarly to those mentioned in previous experiments, namely a cessation of growth after 2 weeks of SD and continuous growth under LD. On the other hand, plants which received SD on one branch and LD on the other showed the following results: the SD branches stopped growing just as did the SD plants, while the LD branches grew, but far less than the LD plant. These facts may indicate that some growth-inhibitory effect was transported from the SD branches to the LD branches.
VIII. EFFECT OF COLD TEMPERATURE & LONG PHOTOPERIODS ON BREAKING DORMANCY. In the greenhouse 120 Betutla pubescens seedlings were subjected to SD for 4 weeks starting Jan. 19, 1960 . Thereafter, seedlings which had been in dormant condition were divided into two groups of 60 plants each. In the first group, plants were kept in a cold frame which was located outside of the greenhouse and controlled so as to maintain the inside temperature of 4.5 C minimum, while plants in the second group were kept continuously in the greenhouse. The photoperiod was not controlled at all so that both groups were exposed to a natural day length with either cold or warm temperature for the period of 4 weeks. At the end of treatment, plants in the cold frame showed different degrees of cold injury with brown leaves and leaf abscission. Some plants completely lost their leaves. On March 16, plants were shifted from the cold frame to the greenhouse and these plants as well as the plants continuously kept in the greenhouse were each subdivided into three groups and subjected to the following three photoperiods: 10-hour, 15-hour, or 18-hour. Thereafter, resumption of growth in the six subgroups was observed for 12 weeks. Dormancy was broken by either cold treatment or longer photoperiods (fig 7) . In cold-treated plants, the longer photoperiods induced quicker resumption of growth and the subsequent growth was more rapid. This explanation is probably not in variance with the results of Downs and Borthwick (7). They said that the induction of dormancy in trees took a greater number of short days under high temperature than under lower temperature and also that trees ceased growth under relatively longer photoperiod when plants were grown at temperatures below 21.1 C. The strong modifying influence of temperature on photoperiodic growth control was discussed by Nitsch (16) . He said that photoperiodism seems to be operative inside a given temperature range; the whole mechanism is ineffective at temperatures below or above certain limits.
The length of a daily photoperiod also has an important quantitative bearing on the photoperiodically induced dormancy. Figure 7 shows that 10-hour, 15-hour, and 18-hour photoperiods induce resumption of growth in dormant Betula putbescens seedlings when photoperiodic treatments are followed after cold treatment, the longer photoperiod resulting in higher percentages of resumption.
It figure 6 . In a two-branch plant (see fig 6) there must be some inhibitory effect moving from the SD branch to the LD branch. Although the inhibitory stimulus coming from the SD branch did not stop the growth of LD branch, it greatly reduced it.
Downs and Borthwick (7) said that dormant
Betula manchurica apparently needs a cold treatment in order to break the dormancy of the terminal buds.
However, Betula pubescens and Betuila lutea used here, showed the resumption of growth without cold treatment if the day length was long enough (figs 2, 3, 7). Gibberellic acid application (3, 4, 13, 14, 15, 17) and dark period interruption (20, 27, 28) have been reported by many workers to nullify the short day effects. The present results shown in figure 5 are in agreement with those reported results.
SUM MARY
The growth of leafy seedlings of Betula pubescens and Betula lutea was studied under different photoperiods.
In both species: I. To induce dormancy 2 to 4 weeks of 10-hour photoperiods were required.
II. Short day induced dormancy was broken by long photoperiods.
III. The degree of the short day induced dormancy depends on the number of short days given. The greater the number of consecutive, short days, the longer it took to break dormancy with long days.
In Betula pubescens: IV. Breaking of dormancy was induced by cold treatment but this effect was more pronounced when longer photoperiods followed after cold treatments.
V. The rate of growth was markedly varied by the length of a daily photoperiod, being greater under the longer photoperiod with the photoperiod range between 10-hour and 18-hour.
VI. An interruption of the long night at mid point or the application of gibberellic acid nullified the effect of short days when the short days were given.
VII. When one branch of the two-branch plant was kept under short days growth retardation was noted on another branch kept under long days.
